More than 240,000 men will be diagnosed with prostate cancer this year and more than 28,000 will die of their cancer [1] . Moreover, prostate cancer therapies can cause severe, permanent damage to the patients, such as incontinence and erectile dysfunction. Clearly, new therapies are needed. The ideal cancer therapy would cure patients of their cancer without causing concurrent or subsequent side effects.
Immunotherapy is one such possibility for creating a potent new cancer therapy with minimal side effects, if it can appropriately activate the patient's immune system. The power of the immune system is illustrated by the fact that the immune system initially has an immunosurveillance system to recognize and kill the precancerous and cancerous cells that frequently develop [2] . Unfortunately, sometimes, a cancer cell can escape immunosurveillance and grow to a point where it is no longer killed by the NK cells and cytotoxic T cells of the immunosurveillance system. The cytotoxic T cells that would otherwise kill the cancer cells are said to have developed tolerance to the cancer cells [2] .
The immune system can still recognize and bind to cancer antigens on the cancer cells. This continued recognition can be seen by the presence of tumor-infiltrating lymphocytes (which include cytotoxic T cells) that specifically bind to the cancer cells [3] . However, since the lymphocytes have developed tolerance to the tumor cells, they do not kill the tumor cells and are said to be anergic. Thus, the key to creating a new cancer therapy is to break tolerance, allowing the patient's immune system to attack and kill the cancer cells. Such an immunotherapy that could fully activate the immune system against the cancer cells would be very, very potent.
Several approaches to immunotherapy have been investigated clinically. First, Provenge (Sipuleucel-T) employs a patient's own dendritic cells that are treated in vitro with a fusion protein composed of granulocyte-macrophage colony stimulating factor (GM-CSF) to stimulate the dendritic cells and prostatic acid phosphatase to provide antigen to induce T cell proliferation. Second, GVAX uses a combination of two prostate cancer cells to provide antigen, one of which is transfected to secrete GM-CSF. Third, PROSTVAC-VF uses GM-CSF inoculation plus injection of vaccinia virus that has been genetically modified to make prostate specific antigen, B7, ICAM-1, and LFA-3. These immunotherapies have had limited effect: 4 month increase in survival with Provenge [4] , no increase in survival with GVAX [5], and 8.5 month increase in survival with PROSTVAC-VF [6] . This is probably because these immunotherapies focus on generating new cytotoxic T cells that may still be suppressed by either pre-existing or newly generated immunoregulatory cells.
An alternative immunotherapy that focuses on breaking tolerance may give better activation of the host immune system. Interleukin-15 (IL-15) is a potent activator molecule that can break tolerance and that has several advantages as an immunotherapy. IL-15 stimulates the production and proliferation of helper and cytotoxic T cells while avoiding the stimulation and proliferation of immunoregulatory cells [7] . Also, it enhances the survival of memory cytotoxic T cells and activates lymphocytes that have a stronger cytotoxicity against tumor cells than those activated by IL-2 [7] . For example, in one study, using mice bearing TRAMP-C2 prostate cancers, systemic administration of IL-15 led to about 20% survival [8] . Survival could be increased to 60% when IL-15 therapy was combined with two antibodies that block regulatory T cells. However, there may be some concerns about systemic administration of IL-15 in man, as toxicity has been noted in an IL-15 preclinical study in non-human primates [9] .
One mechanism of avoiding systemic administration of IL-15 is to in vitro treat immune cells with IL-15. Indeed, harvested human dendritic cells, treated in vitro with IL-15 and re-inoculated, caused 10 5 -10 6 fold in vivo proliferation of tumor antigen-specific memory T cells and inhibited immunoregulatory cell expansion [10] . However, the antigen-specific memory T cells would still be susceptible to the action of immunoregulatory cells.
Another mechanism is to administer a whole-cell cancer vaccine that contains IL-15. This would provide a localized treatment of tumorinfiltrating lymphocytes that would then have a systemic effect. The localized treatment would minimize the side effects of the treatment itself. The systemic effect would be the killing of cancer cells that may have metastasized throughout the patient's body.
Indeed, in a mouse study, RM-1 prostate cancer vaccine cells induced to accumulate cell-associated IL-15, when lethally irradiated and inoculated, protected 60% of mice against challenge with live RM-1 prostate cancer cells [11] . The inoculated IL-15-based cancer vaccine cells are recognized by tumor-infiltrating lymphocytes. The irradiation-induced lysis of the vaccine cells releases sufficient IL-15 locally to activate the tumor-infiltrating lymphocytes, causing them to proliferate, to wander, and to kill cancer cells wherever they are found.
In summary, while current immunotherapies focusing on activation of dendritic cells and T cell proliferation have shown promise of increased survival time, IL-15-based immunotherapies that break tolerance would appear to hold promise for curing patients. Moreover, the use of cell-associated IL-15 may limit side effects due to its local release.
